A new test principle for the simultaneous detection of total approximate titers and immunoglobulin M antibodies has been developed and applied to the detection of antibody to hepatitis B core antigen. The method is based on the combination of a competition radioimmunoassay, for the determination of total antibody titer, with an indirect enzyme-linked immunosorbent assay for the determination of single class antibodies. The interference of the rheumatoid factor was avoided by including heat-aggregated immunoglobulin G in the dilution buffer. The specificity, sensitivity, and clinical application of the test are discussed. The results presented suggest that the simultaneous detection of total and immunoglobulin M antibody to hepatitis B core antigen might be helpful in the differentiation between previous and recent or ongoing hepatitis B infection, as well as in the differential diagnosis of acute hepatitis, in monitoring viral activity in chronic infections, and in helping to differentiate acute from chronic infections. The test principle appears applicable in the accurate diagnosis of other infectious diseases by a single test on only one serum sample.
The demonstration of increasing titers of total antibodies, immunoglobulin M (IgM) class antibody, or both is conventionally accepted for the laboratory diagnosis of most viral infections.
In hepatitis B virus (HBV) infections, antibody to hepatitis B core antigen (anti-HBc) is a recognized marker of actual or past infection. In fact, in acute infections, anti-HBc of the IgM class appears early, reaches a peak in the first month of the disease, and then gradually shifts to the IgG class, which can be detected in slowly decreasing titers for several years, probably lifelong if sensitive techniques are employed (14) . Chronically infected individuals usually have very high titers of total anti-HBc, and the titer seems to be correlated with the viral replication and the activity of the disease (6, 10) . In such subjects, antibodies of the IgM class are often absent or present in very low titers (9) . Determination of anti-HBc has been extensively employed in epidemiological studies (13) and is demonstrated to be a more sensitive indicator than antibody to hepatitis B surface antigen (anti-HBs) of past HBV infection (5) .
The determination of anti-HBc titer, the IgM class, or both seems to be essential for an accurate diagnosis in many clinical situations. In fact, a misdiagnosis of acute type B hepatitis might be made in chronic HBs antigen (HBsAg) carriers with hepatitis caused by many noninfectious agents and at least three other infectious agents (hepatitis A virus [HAV], 8, and non-A, non-B agents). It is also well known that cases exist of acute hepatitis B which are HBsAg negative by the available test methods, and in some of these cases, anti-HBs can be detected early and simulates a preexisting immunity to HBV. Furthermore, a patient with chronic active hepatitis can have an acute exacerbation of this disease and can initially be said to have an acute HBV hepatitis. In addition, high-titered or IgM anti-HBc-positive donors have been implicated in cases of posttransfusional * Corresponding author.
hepatitis B (11) , and screening of blood donors for anti-HBc has been proposed (12) .
The commercially available competitive radioimmunoassay (CORAB; Abbott Laboratories, North Chicago, Ill.) is extremely specific and sensitive for the detection of total anti-HBc, but it cannot distinguish among antibodies of different immunoglobulin classes. Therefore, many methods to individuate an IgM response have been proposed. They are generally expensive and time consuming because they require a preliminary step to separate the different immunoglobulins by rate zonal ultracentrifugation (3), absorption of IgG by staphylococcal protein A (2), or IgM cleavage by 2-mercaptoethanol (2-ME) (15) .
The recently developed reverse immunoassay, which uses an anti-human IgM as capture antibody (8) , is very sensitive, but it requires a purified core antigen preparation and can only recognize the presence of IgM antibody; therefore, an additional test is required to demonstrate the presence of other immunoglobulin classes or total antibodies.
In this work, we describe a modification of the CORAB assay for the determination, in a single test, of both total approximate titer and IgM anti-HBc by a very simple, reproducible, and inexpensive two-step method.
MATERIALS AND METHODS Serum specimens. A total of 192 sera from 99 subjects were studied. Sera from patients and controls were divided into 13 groups. Group 1 included 89 sequential sera from 13 patients with typical acute hepatitis B; group 2 included 22 sequential sera from 5 patients with hepatitis B who were HBsAg negative at the clinical onset. Groups 3, 4, and 5 included 18 sera taken at the clinical onset from 5 patients with hepatitis A, 10 with posttransfusional non-A, non-B hepatitis, and 3 with infectious mononucleosis, respectively. Groups 6, 7, 8, and 9 included 38 sera from chronic HBsAg carriers: 9 healthy, 10 with chronic persistent hepatitis, 7 with chronic active hepatitis, and 12 with inactive liver cirrhosis, respectively. Groups lescent sera from four acute hepatitis B (group 1) were treated with 2-ME (0.2 M final concentration) and tested for total and IgM anti-HBc; the results were compared with the untreated sera tested in the same run. In addition, a blocking step was inserted, before adding peroxidase-conjugated antihuman IgM, to incubate the beads for 1 h at 37°C with rabbit anti-human IgM (Dako, Copenhagen, Denmark) and alternatively with anti-human IgG or IgA (Behring, Scoppito, Italy) diluted 1:100 in PBS-T-A. Finally, the same sera were tested, using CORAB beads pretreated overnight with an IgG fraction purified from an anti-HBc high-titered serum by DEAE-cellulose chromatography. Serological tests other than anti-HBc. HBsAg, anti-HBs, HBeAg, anti-HBe, and total and IgM anti-HAV were detected by commercially available methods (Abbott). HAV in feces were detected by radioimmunoassay as described previously (1) . The Paul-Bunnel reaction and the complement fixation test were performed by using standard techniques. Radioimmunoassay for anti-8 antibody (16) was kindly provided by M. Rizzetto (Turin, Italy). RESULTS The results of both total and IgM anti-HBc as determined by RIELISA in all of the 13 groups of subjects are summarized in Table 1 .
Standard curve for total anti-HBc measurement. The standard curve, using sera from the 60 HBsAg chronic carriers (Fig. 1) , demonstrates that the correlation between the percent INH at a dilution of 1:500 and the endpoint titer was linear in the endpoint range from 1:250 to 1:8,000.
By using this method, it was possible to fractionate the anti-HBc-positive subjects into three categories according to anti-HBc titer: low (endpoint titer of 1:500 or less, which corresponds to a percent INH at 1:500 of 32 to 58%); medium (endpoint of 1:1,000 to 1:8,000 and percent INH at 1:500 of 59 to 88%); and high (endpoint of 1:16,000 or more and percent INH at 1:500 of 89% or more) (Fig. 1 Total anti-HBc titers in acute and chronic HBV infections. In acute HBV infections the anti-HBc titers were low or medium in all cases, and this lasted for the entire course of the disease. The behavior of total anti-HBc in the course of acute hepatitis B is shown in Fig. 2 . HBsAg-negative acute hepatitis B usually had a lower total anti-HBc titer than HBsAg positive (Tables 1 and 2) .
Interestingly, the level of the total anti-HBc response seemed to be correlated with individual factors; in fact, patients with low anti-HBc titer usually continued to have a low anti-HBc response during the entire course of the disease (data not shown).
In chronic HBV infections, low anti-HBc titers were frequent only in liver cirrhosis and were rare in healthy carriers or in chronic persistent and active hepatitis ( Table  2) . Although there was not a characteristic titer for a given pathology, the frequence of high anti-HBc titers increased with the activity of the disease, up to 100% in the exacerbation of chronic active hepatitis (Table 2) .
IgM anti-HBc determination. (i) Background. Treating CORAB beads with peroxidase-conjugated anti-human IgM, a background reactivity, constant for each lot, was always registered. The pretreatment of the beads with unlabeled anti-human IgM, but not anti-human IgG or IgA, eliminated almost completely the background, indicating the presence of IgM on the beads (Table 3 ). The human derivation of the hepatitis B core antigen used to coat the beads and the intended use of the CORAB kit not directed to IgM determination made this finding not surprising. According to this view, different lots of beads gave different backgrounds. Pretreatment of the beads with 0.2 M 2-ME lowered the background 20 to 30% and lowered, but did not eliminate, lot-to-lot differences.
Beads pretreated with unlabeled anti-human IgM gave higher background reactivities when used to test human sera, probably because of the binding of nonspecific IgM contained in the test serum which allowed subsequent binding of conjugated anti-IgM.
The mean background of ten different lots of CORAB beads was 0.157 (OD), and the simplest way to eliminate lotto-lot differences was to subtract the background as described above.
No interference was demonstrated with different lots of iodinated anti-HBc.
(ii) Interference of the rheumatoid factor. In preliminary experiments with only PBS-T-A as sample diluent, falsepositive IgM results were obtained in 6 of 10 rheumatoid factor-positive sera. These false-positive results were abo,lished by including anti-HBc-negative heat-aggreated IgG in the diluent.
(iii) Specificity tests. Acute-phase sera (positive controls) and late-convalescent sera (negative controls) from four cases of acute resolved hepatitis B (group 1) were tested for specificity. The IgM anti-HBc reactivity was completely abolished by treating sera with 2-ME or by presaturating the solid phase by overnight preincubation with IgG anti-HBc (Table 4) . Furthermore, the introduction of a blocking step with anti-human IgG or IgA did not affect the results, whereas with anti-human IgM, the IgM anti-HBc reactivity was again completely abolished. IgM anti-HBc in acute hepatitis. IgM anti-HBc was detectable in acute-phase sera from all acute hepatitis B, both HBsAg positive or negative, whereas they were absent in acute hepatitis A, non-A, non-B, or infectious mononucleosis ( Table 1) .
The IgM response was detectable for 2 to 4 months without differences between HBsAg-positive or -negative acute hepatitis B. In all cases, IgM anti-HBc was detectable after the clearance of the HBsAg.
The levels of the 1gM anti-HBc, as indicated by the SIN ratio, were usually higher in acute than in chronic infections (Table 1) .
IgM anti-HBc in chronic HBV infections. IgM anti-HBc was detectable in 30% of all chronic HBV infections. The lower number of positive cases was in healthy carriers (group 6); the higher number was in the exacerbation of chronic active hepatitis (group 10) ( Table 1 ). The number of IgM anti-HBc-positive subjects for each group increased according to the activity of the disease but was not correlated with the liver damage, as indicated by a lower prevalence in liver cirrhosis than in chronic active hepatitis. In the two cases of 8-agent superinfection, IgM anti-HBc was not detectable.
The levels of IgM anti-HBc in chronic infections were lower than at the onset of acute heptatitis B, but the difference was not statistically significant (P > 0.05).
According to the observations of Roggendorf et al. (17) , IgM anti-HBc was more frequently associated with high total anti-HBc titers. Only in the liver cirrhosis group were IgMpositive cases associated with low total antibody titers (Table 5) . DISCUSSION
The difficulty in obtaining a purified core antigen preparation and the high cost of the commercially available tests have prevented widespread application to the current clinical practice of the total and IgM anti-HBc determinations, despite the central role of such determinations for monitoring chronic infections as well as for an accurate diagnosis of acute cases.
The method proposed here has the major advantage of detecting in a single test both total approximate titer and IgM-specific antibody. Total anti-HBc endpoint titers, either determined in the competitive step of RIELISA or by the standard CORAB procedure, are usually very high in HBV-infected subjects and have a marked experimental error. Therefore, exact titer determinations would require an average of many measurements, which is not practical for routine clinical work. Furthermore, an exact endpoint titer determination does not seem to be essential for clinical considerations (7) .
In the present study, the patients were efficiently classified into three principal categories according to the approximately total anti-HBc titer: low, medium, or high. Although the determination of total anti-HBc performed with the 1:500 dilution alone does not correspond to an exact endpoint titer, the relatively low intraassay-interassay variation gave a sufficient approximation to avoid interchange between the three principal titer categories.
When sera from acute hepatitis were tested, total antiHBc titers were always low or medium, whereas the prevalence of high titers rose from 45% in healthy carriers, up to 100% in the exacerbation of chronic active hepatitis group, and fell again to 42% in inactive liver cirrhosis. This demonstrates that the amount of anti-HBc response was correlated with the activity of the disease but not with the gravity of the hepatic damage.
IgM anti-HBc, as determined in the indirect step of RIELISA, was highly specific, and rheumatoid factor interference was obviated by including heat-aggregated IgG in the dilution buffer.
IgM anti-HBc was detectable in all acute-phase sera from hepatitis B, but not in the late convalescence nor in acute hepatitis A, non-A, non-B, or infectious mononucleosis. In addition, they represent the principal diagnostic marker in HBsAg-negative acute hepatitis B. Serial determinations in acute hepatitis demonstrate that peak values were reached in the first month of the disease, and the time course of the detectability was 2 to 4 months from the clinical onset and lasted after the HBsAg clearance in all cases.
IgM anti-HBc was also detected in 30% of all chronically HBV-infected subjects, and as with total anti-HBc, the prevalence of positivity increased according to the activity of the disease.
IgM anti-HBc levels, expressed as SIN ratios, were higher in acute than in chronic infections, but this difference did not reach statistical significance.
RIELISA seems to be less sensitive in determining IgM anti-HBc as compared with the recently developed reverse immunoassay, as demonstrated by the shorter detectability in acute hepatitis (4 months versus up to 6 years) (18) and by the lower prevalence of positive cases in chronic infections (30% versus more than 80%) (9) . Because only the higher IgM anti-HBc concentration can be detected by RIELISA, the lower sensitivity may represent an advantage helping in VOL. 19, 1984 on October 18, 2017 by guest http://jcm.asm.org/ Downloaded from the rapid differentiation between acute and chronic HBV infections. Certainly, the positivity of IgM anti-HBc, also in some chronically infected subjects, affects its diagnostic potential, but the contemporary determination of total antiHBc titer allows discrimination in most clinical situations. Clinical features in acute hepatitis are usually easily distinguishable from healthy carriers, chronic persistent hepatitis, or liver cirrhosis, whereas some diagnostic problems may exist in the differentiation of an acute hepatitis from an exacerbation of a chronic active hepatitis. In the latter, total anti-HBc titers are usually very high, in contrast with acute hepatitis in which they are low or medium.
&-Agent superinfection in chronic carriers seems to inhibit HBV replication, and therefore probably the IgM anti-HBc response would be lowered. In the two cases studied here, the absence of an IgM anti-HBc response allows us to exclude an acute hepatitis B, and the unincreasing titer of the total anti-HBc helps to differentiate it from an exacerbation of a chronic active hepatitis independently from the detection of anti-8 antibody.
In summary, the method proposed here provides a rapid and reliable diagnosis of current or recent HBV infections and can be applied to blood donor screening as well as to the differential diagnosis of acute hepatitis; furthermore, it is useful in monitoring viral activity in chronic infections and helps to differentiate acute from chronic infections.
In the near future, the application of this principle to other systems may become extremely useful for rapidly diagnosing most viral infections.
